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Abstract
1~i~~l~l .~,r~-iro i, ;;ainiug impurt:uu~~, :~. aftt,r .alc~h ,en-i~r is aart.iug to bc
roc,~~uiir~l :~. n w:tjur .nurro uf mvcuue. Tbis utotivatcy pl.uutiu;; problems
fur r~,wp:wii~. that c~mplcw wohile tcrhuiciaus who pruvido a~rvirc ou t~lieuts'
~ito.. 'fhi~.~~ l~lanuiu;; prol,lc~tn,.:Itaro tlto cuuuuou ~Itaractrristi~- tltat sor~~ia~
Io~rls ~urrr,pnu~liu;; to trchuic~iau rc~spoune tiwes are explicitl}~ oxprc~nsevl iu
r~~uuai.ts. `lunvwvr. latc~h.. tltere is struu;; pressum tiotu cli~~uts to óaco a siu;;l~,
cbvlicato~l rcrhuiciau wLo take, full r~~pousibility of the fieild sc~rvia~. Iu this
li:y,or. tcr pnn-icle utodelz tltat cuable the aual}~yis of varion. trade-uKs betwa~u
~i,rvi~ o Ic,~rl. aud npcratiuual c~usts nuder tóc declic~ated xrvic~c strncture. ~Ve
:~Is,~ iu~rai~:~ti. tLe trad~YiH:~ he~twcv~n ~ta~ict cledicatecl M~rvicc.:utcl wure H~~xilile
.n nc.tm~~. tu nucl~~i:~txwl tlt~~ srttiuts for w.hit.h titrict clc~clic.atiuu is apprupriato.
1 Introduction
'I'lu~ itnpurtan~.~, of field tic~rvica~ is r:tpiclly growiug :Gti after ,ales nervice cptality
Itati bocciwe a.iguifir:utt pcirtiou uC product ufferiu~s. Lt their beuc~luuarkinq
stu~l}~ ~~f aftw~-sal~~~ sorvic.e logiatics,}~ctctns iu the rotupntar iudnstrv. CuLett.
'Lh~~u~ auil :~;;r:tw-xl ( 199~)~tato: "C'ustontcr exp~~c-tatious for prudnct rcliabilit,r'
hut~r iurrra~c~~L :~, a result. thc procisiou of superior after-tiales w~rvicc. at a
~ uwp~~titici~ pri~.e. luts becutue :ut ituportxnt qualifier for competitice survival".
1Iw r~~a.,iu~l~'. ruwp:wic~s tako a lifi~ t.~-c-Ic, appruac~h tu tLcrir produc ts rraliziug
tlcnt I~~tvor salrs tuargitts ran ufteu bc, tuom tluut c-outpr~us:Urd I~~. Iurr:crivo luuri
i~~rut sc~rvirc~ runtrart.. Pruw irnr porsuu:tl routacts. tvr kuow ihat ricwpnuio.
liko. Uti... `c~rux. .aBB. SICF. GE :utrl GEC-:~IaLuut mako a si;;uitic'attt :uul
r:cl~irlh' iurma.iu;; ltnrt nt thoir tutal rrvc.uucw iu aftrr .alrs activitios. Lr C'uhc~u
vt :cl.~s s:ttuldo uf tLe~ cuutputer iuclustr~- after sales revrums tvori~. uu nvt~rago.
~~cln:tl ru :SII ',i uf pruduct salc~, (C'ulu~u. Zhc~ug aurl .-1gr:nvaL 199ï).
Lt tltis p:tpc.r. tcr c.onsidc~r operatioual levc,l plattuing problrut. for cvtultauic.
t lu~t lrruvido rc~pair .uul utxiuta~uaurr~ to rlicuts' c~quiputcut cia mohilo tac~hui-
riau.. "r~'Itir altc tlu, clienl., tLat arr cvnsiclorocl iu uur frauu.tvurk arc~ Iruldrrs
~~f tunltilcli, oc(ttipntc,ut at a.iuglc~ nitc~ tu ho sc~rviri,d Ir~~ tht~ tirw. .althutt;;lt
tln~ :y~plii atirm th:rt hav uwtivatc~cl tltis rc~,c~:trc-L is thc~ rtuc uf xntuwatc~d vrud-
iu;; wncltiurs. prohlc~uts uf siwilar uaturr' arc abnuclaut iu aftcr ,alo, .orvirc,
Iw uuwnLtrtnror. uf Itiglt-toc-Iwolug~' c.yuiputcut (pltutoc-opv utachiucs. priut-
rr.. ruwpntc,rz. rtr.). .as au c~xatuplr. Colten. Zltettg aurl :lgrawxl (199ï) ml~urt
th:ct tlto avr~rn~r ruutpntf,r finn iu tltcir sawplr Itad about l00000 iustallevl
tuarltiw~.. 31111 .orvic~o cugiuert's :uccl G~I)00 not'vicc~ c~alls pe~r cear.
l:irnr, ruwlrctr iu fic~lrl srrvirc~s tlu'ungL qualitv of tho srrvic~e tlu~}. prucirlr.
1"uf,rtiuuttc~l~'. srrvicr qunlit~~ clrpeurls Iteacily ou the percoptious uf tho clic~ut
:uul ~~Ljrc~tiec~ srrvic'c, lc~vc~l tne:uut'c~s am cliffic'nlt to sc~t. Iu tlu~ fir'ld ~rrvic-c
.nlclrurt ~ottiu~.:t rritiral uu~asnrc~ tltat shapr's tLc prrcr~ptiou uf thc clicttt is tlu~
n~arnuso titno uf tltc finu iu tLc~ ra.c of wtfot'c~sc~cu Irrc~akdo~aus of c~qttiptucut.
Flru~r. riur r:ru :u'guc tL:u c~lic~ttts havc~ a preferenc-c for firuts that provide
.Itr~rt~~r :nrr:tqo respouu~ titucs iu tlu~ loug rwt. Iu additiou, iu tlto sLortc~r tc~rw.
tu o,r.tliliat tlte~ir c~otupetitice advantage~. firuts providc~ routr:tctual agrev~uteuts
tvitlt tlrrir tlic,uts tltat spcrif:v guarautecw b:tiscd on resputt~c~ timc~ tttcannrc~s.
Hntcrvr~r. rlusc, gnv'autcrs arc iu tcruts of re.poutie~ time litnits rathc~r tluw
:wrr:c;;o rc~spuunr titucs. For es:uuple, tlta coutract utay specifv tltat JO 'j~ rif
tltc~ sc~rcic~c~ reqnt~sts a-ill lrc atteucled to ~t'ithin 8 honrs nf thc requcnt. For
rxaruplt~. wauy rutupanies iu tLe cowpnter iudttstr~- set. their service target bc
.pcrit:ving tlte perceuta;;e of cnstonter demauds that are set. withiu 2! hours.
Fur rritir~:tl :~lrpliratious. sc~reic'r~ providers arc~ reyuired to guaraturs~ sc~rvic~etcitliiu itc~~ lu~iu. ~d prwlnrt Liilnrr. S~nnr ruutp:wir.. nlti~r yrrvirr ;;nat':uttrr,
I,rttco~~n rlir~ t~c~~-Itunr :uul thr -tt-huur a:rudarcl ( i.o. 8 rn 1'2 Itrturs) (Cnhru.
Llirvr~ :uul a~r:rnal. I!1Dil.
.~ ~rr~mrl itupnrtaut ;r.pcrt th:u rlrfiurw srrvire cptalitv frutu tlu~ cliruth'
.irli, i.. tlio iutor::rtiuu wirh thr firru. .a cuuuuuu rrcptc~t tl'ow thc rlicut tiidc
i~ n~ Lm~~ n trrlruiriau :t,.i„wvl tu tltr clicut. tvhu ia cutirch- respuu,iblo titr
th~, r~q:nir ;uul waitucu:utrr uf thc ryuiptucut at that .itr. Iu other wordti.
rlioW. liavr n.arr~u~ prrfi~rcure tu dral with a nuiqac arronut rrpre.erutru.ivc
rnt lrrr t lmu Ira~ iu;; .crvim prucirlccl by a clitfrrcut teclmiciau cach tiwc. Tltis
i. n Imnlr~n.untr rr~ynrst fur the .r~rvire firw: it i. wrll kuuwu that. tu wiuimize
r~~a.. onrli rliout L:u t~r br srrcrd liv a pool of tcrhuiciaus ratLcr than a siu~;lc
ar-r~~nut r~~prrsoutativa.
In rlii. Ir;iprr. wr lrruvirlr~ pl:uwiu~ wurlc~h th:U ruwbiuc tlu~ hvo iutpar-
t:uu i..nr~: iurutiuurrl alrurr: rospouu, tiwc rin:u'antrrs anrl wtiyuc :uv,uuut
rrlrrrsruraricrz. "i~ fu'.r provirlr a frautc~work to wrasurc tho pc~rfin.waurc~ uta
.iri~lr arrunnt rr~pn~.rutativc :t.signc~cl to a uumbcr ot' clirut sita,. ~Vr thrn da
i~~nuiw, t h~~ muuhrr uF arrututt ropm,cutativcw rcKprirrcl to h:utdlc tltc u~rviring
~~f ;r uwuhrr r:f .ius with re~pousr~ titur constraiutti rutdrr the account repn~-
u~rd:rt ito .otriu,. Fiualh'. wr providr a woclcl that utcasnres thc pcrfornt.utcc~
rlilfrrourr Irrrwc~r,u a,tríct accouut mpre.entative setting aud a tnore flcexiblc
.r~ttiu~ iu wlcirlt rlirutz aro urvrrl bv thcir rrpnwrntat.ivrr mo~t (but uot all)
~~f nc~, tiurr.
`~'r :u'v xw;~ro uf onl~' a fow papera tltxt directl}' stud}- fieilcl .ervire detiiRn
i.snrs, tiwitlr ( 19ïJ) prr.rut~ a qt~e~nriu~„ wndcl to r~t.imntc~ tlte tet'ritory vize
t hnt r:w I~r rucrrrd hv x sittgle ~ervice~ repre~seutative wheu W~rvice ratue~as arr
~liztribcur~l nuiforml}' witLiu thc trrritor~-. Hc shows tltat thc rcwpor~ur t.iwe
lrrrG~rnc:rurr tno:c..m'e~ iu the wod~.l are equi~~lleut to those iu a correspoucliug
`I,~GiI rlnrnr. 1{ill rt nL (1992at rott.irlrr tltc ra.e of Smith's utndcl with
ruulriplr,vrvr~rv prr trrritur}' :wd ;;ive au xpproximatiu}; `I~G~c typr yueuriuf;
:uurlol. :1 k~~c uh..orcatirtu is thta nwponse~ tiwr~ dctcrioratc :a.e the ntunbrr
~~I' Iru.c .rrtor. iurna.r (dur to x largrr rlistaucc behvc~u thr available,crvcr
au~l thc~ plarr fruru wlticlr the,rrvicr reyuewt ori~inate,). heucr tltr appropri-
3arr apltruxiw:uiu~ muclel i. :ut ~l~Gjr- ync~uo witlt .c~rvicr r;urs ~Iot~rudr~ut uu
tlu~ rutuJn~r crf Intsc .c~rtrr.. Hill (1!1926) .nulic~ti rlistr,ttc-hiu;; ralcs (in utnltiplc
tr~~ Iwiri:ut. reatuwliug tu .orcicc~ rc~qur~a, iu :r torriturc. Thruuëh rxtru.ivc,
~iuutlatiuu r~xprriurc~uts ltc~ shotvs that a Iirst rumc~ first .orcr rlispatc~hitt;; rulc~
lu,rfitrw~ pourlc xncl propost~ rli~p:rtc'hiu; rnlc~, that c~owbiuc travol timc~ c~uu-
sicloratiuus with clelav lituit cousiclc~rutiuus.
Frnw a tnore practical pc~rspec.ticr~. Hautbletott (1J82) clcrcribov tLc~ i.,ue~.
that Ict~-r tu Itc c'unsidcrccl for a(ic~ld v~rvicc finu tltal utaiutniu, vc~uiliug wa-
c'hiuvs irt Eu;;l:rwl. .a hirrarchv of prulrlruts is describc~cl. -at thc lti~h~st Irvr~l.
rlu, .izo nf ~~ac.h ,op:uatc .r~rvioc reniou :ttul it, approximatc, rxpac~it~- is rlc~-
trnuiuc,cl. .lt tltc, uuvlimu locol. tcithiu c~aclt rc~f;iott. n patcG of rnstomcrs i,
aluc':ucvl tu rac~L rcrltuic~iau. Fiuall}~. at tltr lowcr levc~l. cletailed sr.lu~chtliu;;
rlc~r-i..iuus takr ltlac~r.
.apart fruw rhr moclrM tltat dirrc~tl~' clc~al u-ith fi~~ld sc.rvic~es. :ututhcr rr-
Lurrl ~'Lrs. uí' prublcws am thusc, Ira,c~d ou ~I}'tcunir vohic'le ruutittg. Bortsiw:Lti
awl ~';~u [?~'ziu (1!)!I:31 ~tucl~' a ch'u;uuic. vcltic~lc runtitty; proldent witL tuultiplc~
cc~ltirlo.. lu lurrtir-nl:u' tiir rl~,mawlv uuifuruth' dish'ilnttcrl iu a ro;;iuu. thc~~' ;wa-
Iczc~ runtiu~ pnlic'ics tu wiuiutizr expc~c tc~cl waiting tiutc c~oa.. Dcn:uuic- cc~hiclc
ruutiti~ wwlc~l~ are apprupri:uc fur,rn'icos wltere h'auspurt:ttiuu titnr, arc,i;;
uific'aut iu c~otuparisou to actual ou-site sereico times. Our models fall outnidc
~d' tltis r;tto~ot.v a~ we cuusider r:t,~ex witlt sit;nificaut. ou-sito servic~e timc~s. [u
Ftrt. tcr clo uut attrutp[ to aual`'zc~ tlte effects of tiequc~uciul; of ..ercicc~ (the
rnntiu~ uf toc~huic~inu.) in unr murlc~L Oue c.,tu art;tte that tlterc~ is uut wuc.lt
ruotn fur ~cvfnruc~iu;; wit6 ti~ltt re~spou,e riwe limits aud a dc~u.e ;;cunrapltical
rr;;iuu. .u. tlm c~ffects uf tieyueuciu;; are uot as critical for rlu~ tuucleh that tve~
c.uu~idr~r.
Thc~ an~uunt rrpreseutativc~-clicut sit~ assiguutent problem L:w the Havor uf
utórr a~tiiguuteut pruldc~tus for servica sytitem cleni~tt. For exantple. tLc~ ;;arhagc~
trnrk-rltuup sitr :tti,i~nutent problc.m stndic~d ln. .aguihutln'i. ~ara,inthvt :utd
Pirkul j1J'Jll) rousiders a scrvice .yvtew design problam wltem rlie~nt~ havr
tu lu~ :t~~i~noil tu sorvers tvitlt expectecl u:~titing tiute rousicloratiou,. :ltniri
( IJ97) c,xtc~ncl~ tLi~ wodcl to iucludc ,ervcrti with r1iH~~mnt rapac ih. Ic~t'c~h xuri
~trrutirlr.:r .rrlntinu tuothrrrlrrlu~~t'. ` Icl;trhrioutulis tl9J-I) rnnsirlr~rs a trt'~iuu rrl'
tlu, Ji.r n~tr~ Irrr.rriun a,.i~wur~ut prublrm ~~-ith ynr~nriu„ r~tfcr~tc.
Uru~ rnrrrlol rlilfr~rs tl-rrm thusr~ r uutiirlcrr~rl iu tltr:tlrovr papr~r. io.r~t-rr:tl t~-:r~-v.
I~ ita ul' all. tlu~ ~t;trtio;; lruiut rrf all of tLr~ ahuce wodols i~ that tho ~r~r~-iro m-
yurvt. :ur, nuil'unulc rli,trilrutcrl iu a};r~ct;;raphirxl rey;iuu. lu our ra.a~. wc~ ruu-
~irlrr rlir nl ..ilr.. that arr, fixral iu lucatiou aud tóat cout-.tin multiplc wachiucti.
tir.rnurllc. tcr h:rurllr~ dcla}~ liwits rlircr~th~ rxt.hcr thau cnttnidcriuR :n~cra~c re-
.Iruu,o tiwr. nt ~-;tri;utcr. rtf m,puusr titurw as iu StuitL ( 19ï9). 'Tltin mqnin~.
t hr~ uso uf wum ~rrpltintir:ttrvl tuuls nrouth- devclopetl for the auah'sis uf utulti-
r Lr.. rlnrnr,.. 'I'Irirrll}-. ~tr~ f u~us nu ntiliziu~ untltiplo rocLuir-ixu. ;ts :trronut
rv~ln'rsu~ut:uit-r~. a..i;;urrl tu nitrv ratór~r tlt;tu a prNtl :~ti iu Ilill (1992a. 19'J26).
I'lu, liual rlilti,rrmr Ironcrru tln, abut~r papcrti vul unr~ i~ t6at tltec prot.idr~ a
Grruutl:rtirnt Cur ;r lt;u'tir.ul:u. prublr,tu :uul rletrlop a.olu[iuu wr~thodolo~y for
it. tclu~rr;t. tcr~ lirrutnl:ttr a unwhr~r uf plautiiblc problcut. to rletuoustratr Itow
mspnu~r~ tiwr liwit oou,trniut. r.au br~ iur~urporattYl iu :t...i;;wucut furuudatious.
lu ~r,ctiuu 2. n.r, iutrudtu-e the t;eueral fratueicork by tuorlr,liu;; a,in;;lc~ xc-
r ~ruut rolrrr,.vut:rtit-r~ tt-ho norcuz n;;ivou ,t~t of rlieut~. Sectiuu :S o~es the G'auu,-
~crrrk tn rlr~crlnp h-ar~tablr fortuttlatiott. for a t~:uiaty of rlr.i;;u problcutti rh:U
;ui.r~ nurlr~r tlu~ rlydir:urvl.rttiu;; . i.r~. wltou oach r-licut tiitc i,:~,ni;;uorl a nuiqnc
trprrsrutaticr,. lu .rvaiou 1 tcr~ de~-elup a situple tuorlel to :utalyte tlte r~tfects
nf drrlirutinrr nitlr u dclln~r nf jlc.ribilztl~. Csittg tlu` ruurlel. tec tutuputu tLr~
rlilforr~w.r~ iu pr~rfnrw:tur~ titr differr~ut det,rrcny uf tlcxibilit~- ;uul uudor rliticrout.
.r~r~-irr~ ,trnr-rrur.. Fiually. ~cc prr~sc~nt unr com~lusiuus iu sr.r~tiou ~.
2 A Single Account Representative
lu tLi. ~ortiuu. ~co iutrurhu~o b;~~ir tuudr~h of a siugle arroant rr~prcu~utati~r
tclur .orcr. n Iratr h uC r~lir~uh. `1'e fit'vt dr~flue thr~ pror.osuH: iltat dr~r~t'ibe clie~ut
mpair tiurr~.. "['Ito trat~r~l tiutes arc utore r~omplicated :~ti tóc~' am rlepcudcut
rru tho ~r,rcic~e ~tratcqy of the representative. henee tee discu~s the modeliug
:r..nwpt iuu. uurlor diffi,rr~nt u~r~-irr strategies.
lo unr uwrirlv a clieut i~ a sito tLat coutaius utnltiplc utxchiucw whicL aro u~r-~.irial h}- thr~ firttt. iu ~r,ur~raL a rliour is a sitt~k, rrrrupauv whirlr h:rs a ruutr:u~t
ttirh rlrr~ .r~rvirr. pruvirlor. `atm-alh~. ~tur c;ur Inwp a wwdrrr „f rloW,h lur-:ur~rl
~w:~ll ~ lirnt. iurn :r .iu;;lo r lir~ut for wurlrliu;; prupu.r~s. l-udrr tlri. :r,.nwlrtiuu
~~:u h rlii~ut lur.. ;r lixwl sitr tu ~chirh tlrr~ :rs.ur iatorl arruunt mttro.r~ut:rti~-c~ h:t,
tr~ trava~l tu lrr,rfurur thr~ mpair. as r~ar~L rlir~ut uuic Itavr~ a rliiti~mut muuLor
;rurl wi~ uf r,~priptm,ut. thr, Irrrakdu~cu ratc. aud rr~pair tiwos lunr to Irr~ rlir,ut
dotrr~udt~ut.
Tu r:rptum thr~ abuvr róarar~tr~rititic.. tve an.uwe that au nr-curuu rr~pro.ou-
r.rtivo sr,rcirr~s r-all reqw~st, from I siu~ iu a rc,;;iou. .a clir~ut i ~cucratr~, a r-xll
rcvtnest (tvóir~lr r~ormtipourln to au r,cinipurr~ut lirrakrlotru) at ratr a, arrordin;;
tn :r I'~~i~.uu pruro,s. Eac-h uu-sitr~ rr~pair takes :w uuunut of tiwr that dopr~nrl,
~nr tlu, rlurr:rrtrristir. uf thr~ wic uf r~quipwr~ut at thc ~itc. ~l-o rlr~uorr, In li,
tlrr r:uulrnu t-:u.ialrlr tóat. tuodr~ls tlro ou-tiitc~ rc~pair timrs. Nr~st tvc dixcu,~ thr~
rr:rcrl stratr;;ir~, uf thc ~r~rvor aud urrtliuu diffi~rcut wudr,h tirr ~IiHi~rrut travc~l
titrar o;;irs.
Pir,t. tt-r r~nrtiirlr~r au ae-rumrt repre.eutativr tcho l~~t.~ a fise~d hasc lur-:ttiuu
r~~ tvhirlr Irr luts tir roturu :rfter r~aclr vervired r~xlL R'r' defim~ L}' d, t6e dititaucr~
11nw sitr, i r~~ tlrc Ir.4.o. Tr:rvcl titnc, uf thc servcr ti~ow thc Ir,r.o t.o a tiitr~ i. arc
r;rurloru v:ui:rlrlos "T, th:tt dr~pend ou rlre rlixtam-e rl,. For r-larih-. :tssnwe~ tltat
t.rip. frow tlro h:4,r~ tu a nitc í havc tLe saute distributiou :4, rcturu h-ip~ fruru
sitr~ i ru thc Irru,. Pi;;um 2 rlisplacs this .c~tup.
Lr~ttirr„ 5'; clouotc tLc ~Otlll RC7Y11Cf' t311lP. CCliUlrClllCUt of sitc i. we hacr~ tirat S;
is r~rnnprrsr~rl uf ;i travrl tiwe to sitr' i.. T,. a rep:rir tirne R; xt site i. aud a rr`tnru
tr:n~r~l tiuu~. 'T, (~clrorc T, aud T, nrc iudepcudcrtt aud identir-ally distrihutr~d
rnuduur varialilrs). Hrucc
S~ - T~ t R; f T; (i)
Tu r.owplr~tr~ tlu~ :utalogy to an A'I~G~1 queue Ir~t a -~;-r a; deuotc tór,
rr~t:rl r~all r.ur fur service rMptect, and Ict p, rlr~fiue tlte luu;; rnu proportiuu uf
thr~ tutal rerll ratc~ tlstt. is iuitiated Ly ~ite i.. i.r~:
a;
p; - ~ (21
Piuall}. lettiut; S be the wixture of tLe S; witL mixture n-cigLts p; (i.c.
GFi~nrr I: -Chc~ .otnp I'or t, tiitr, :tti.i~uc~d tu a ml,m.out:uico
tltr I,r~,lr,thilit~ ~IiariLutiun 6mc tiou uf S is a tvc~igLtal xnw ul'tltr pruhabilit}-
,li.hil,rttiuu flwc~tiuu. ul' S, tvith rc,lxrtivc~ troi;;hrr p,l. tltc rrprc~seutativc- is
t lt,, .., rc~, r iu au `I~GjI qnour tcitlt :u.rival rato ~:utcl sc~rvirr tiwc~ 5. líotu c.
G,r tltis tuu~lrl. tcr c.:ut vutupuh~ prr6n-m:uur wt~a.nrc~s oC iutc,rc~st b}- aual}-ziu;;
tltr rurrc~spuucliu;; `I~G~I cluenc~.
[u uwuc fie61 son~icr ouviroutueut.. nc~, rc~prc.eutative, Jo uot retnru tu the
Ir,ia, :,li~,r r:trh u~rvirr c.utupletiuu but h.avcd Crow onr sitr tn :tuorher u~ync~u-
r inll~. ('~nt.idc~r :r stuall ;,v,;;raphical rrgiou that c-ovrr. :t lar~c~ unwbcr nl'.itus.
1 tcpir:,l rxawplr uf this r;t.c is :t district iu a largc c~it~-. :1s thr rc~ion is .utall
awl thc~ wuol,or uf .itrti is largc~. travc~l titucs arc altuu~t iwlc~prudrur ut' thc~
.~~ynow ~, ~d ~itr, tu I,c xrrvrd tcithiu a h~ip ut' thr tec~lutiri:w :rud lurw.c~ thev
rnu I,c, ,uu~lcd~~d a, iudc,pc~uclent ancl ideuticallt~ distributed rauclow variablcs.
Lc~t T I,o this r:ntdow variable that represeuts the couuuou travc~l tiuu~.
~~'hc~u :tu nc-c-unut rc~prcheutativc iti rt.~si~tu~d to this ;;tnup of ritth. x~e Itave
t Itr `[jGj 1 aualug}-. tvitL tutal arrival rate a -~~-t a,. aucl tvith ,crvit~e tiute
tvl,ic~lr i. nc~~ mixtare oC T f R, tvitlt tuixittg tvei~Lts p;.
1Clrru rhe tracc~l riuuti are ,i;uificautl~. diffemnt bettveru sites. nsiuR :t
nuiyno .itr-irule~peuclrut. h~avcl tiwe randout t:lriablc tcould he~ too c-rttdo an
nl,proxiwat iou.Lot rl,r rlr~uutr~ thr~ rlia:nu~o hr~ttcrru sitr~ i nurl ~itr~ ,Í :uul T;~ Jruutr tlro
r-~~rrr,l,nurliu;; tra~~r~l timr, raminw cariablr~ (~cith tho uurli~rntaurliu~ rltat T„ -
u. Gn~ all i- 1. 2..... !). ~l'r~ as~nwr~ tlt:u if t lu~ro aro u~, r~:,ll. tr~ bo svn-nl :tt rho
ourl uf a.or~~ir~o r utuplotirnt. tlu~ rrpm~,ut:tti~-r~ ~tac. xt thc Lta .irc~ :wd tlt:rt
~~:tlh arr~~~r~.r~d :ur~orditt~ to a fir,t-iu-fira-out diticiplim~.
Lr~t T, rlouotc thr~ travr~l tituc to a sitr~ i cuuditiouin;; uu thr nitr ~chic.lt
~ouor;ttrvl tho pmviom r~all. ~cr~ nbtaiu T,~ :u, thc~ mixture of T~, ~cith tni~iu;;
~~.ri;;hn p;.
l'lu, tutal .r~rvir.o timo in tltis r.:t.r~ ruusisrs of a tra~.r~l titno frrnu tho pm~-iuns
.iri~ :uul :, ml,:rir tiutr :turl i. „ivr~tt liv:
S;-T;-R; 1:3)
Ouro n~niu tho ml,n~r~utxtivc is tho.c~rvr~r of:w `I~G~1 ynrno tvitlt u~rival
r:,tr, a:uul ~r~r~ irr riutr S n-Lom tltr~ probxl,ility rlish-ibntiou fiutrtiuu of S is n
~cr,i~luorl ~ruu It~'itlt ~~-uí~hn p;) uf thc probabilitc di,trihutiuu tiwrtiuu~ uf S;'..
Tltr~:rrlt:uu:,;v~~d"srtti:r;mpmu~uhttit"cas.i;;nwr~uts:ts`I~G~I t~-pr~tuudrls
i.. tlu~ :n":tiLtLilit~~ uf touh fi,r pcrti,ruuutcc :waltsi~. l~'r rlisr~n.. t.Lr tnul. tirr
ttt,~ l,rrfurut:uur tur~:t.,nrc, thxt :trr~ of key iuteretit to u~: at.erxRr dr~la}~n :uul
tail rlistrilrnrion. fnr thr dr~lxv..
Lot S I,o tór~ rxudutn ~~arixble denotiug the service time. S(:c) its runutla-
ti~-r rli,tril,utiou I'tuu-tiou :uul [t',r tlu~ drl:t~~ (before wrvice). T6c ~~rll-knowu




~~~ith p:-aEfSl c 1
"i'hi, tail prubabilitio, :,f ft;r xrc muclt more difficult to obt:tiu tlt:ut itv r.~-
lrr~r-trrl c:rlnr~. L-siu; :ts}.wptotic expausiou,. Tijms (19J1) proviJcw:
P{JS',r ~ m} ti ~e-h"




,- I l - t)) ~~s I.r.r,,;.rll - s(J~)),r.r~ (;J rr
Itrrr`urlc. .` Ir.ltr. C'lluurlluu~' :uld ~Chitt ( 199ó1 hat'f' ;;icou fiu~thr'r tlu'urot-
ir:rl :uul f`slx`riun'ur.ll ,npport tirr thc accurxc~' of'the abu~'c :Ippruximation to
ruwprur` r-,lil prulr;tlrilitir'. iu G11G~1 cplcue,.
1'llr ~~aitiu„ tiwr rlistribntiou xpproximxtiou in (5) in xlu) the ba.~is oC I~a'Cul
Irrmml~. lu fm r. Kill~wuu's buuud (ICiu;luxn. 1970) is clc~l}' rolatnl tu (5).
Kiu~ulnu pruer`, rh:u .f'rtiug y- 1 iu (5) qivfK a bunnd. i.c.:
P{ II~q 1 u`} G r-nr~ (g)
I~r~ll} I IJ!)11 l)rosf'ur. a nsrful iutf'rpn'r.rtiou uf Kiu;;luau's bunud t'or lunlti-
rln.. c~nrnrs. ('r,u.irlor a qnr'nf,iu;; .~'stow ~~'itll 1 f'l:r.c~rh rrf cuauulers whf.rr,
Ilro rnanlur`r. nl'rla., i:Irri~-f' :u~rurfliut; tu a Pr)issou prof~rws t~'ith cxtc ~, aud
h:l~~f'..fv~~irf' tiluo rr`yllirrwrut, S;. .-1s iu thr' prr'viou„nb.frtiunn. thc rr~,llltillg
;~'.ar`fu nlnc Iro :lualyzf'fl as .w ~I~G~1 cplcue witll arrival r;ltc a-~~-1 `, aud
.r'r~iro riulo rlistributir)u S(.r) ~~'hero
5'(.r~) - ~P;S;l.r~l
~-1
fcirh ir, - 1~~.~.
~rr~r ruusirlrr:l rrrusu~niut ul'tllo Gn'lu:
I'{fl',r 1 rr} C e-~ (J)
~rnlu (~) ir is ;Itrparr'llt tll;lt rIIP IIIIIIIl1I IS tiíLtI5t71YI ~~'llCll Ar(' 7 '~ wI11C11 1111))II('S:





~ A, J r:' (1 - S;(.c))d.c G l.
r-1 ~
rl; :- a, II Y ~-'rlrr'(1 - S,(1'IJlI.!' (10)
J(1
Thi~ r~all bc .uulluarizfvl b~- thf' couditioll:
f
~rl; C 1 (11)
~-1tchr~ro n, is kuuwu as thc rffrrtirv. lNUida~idlh uf rnstufuf~r h'po i aud iu tlfi. f'a.:v
r:w Ifr. fvusiflf,ral x~ a uff~x..m~f~ uf tlfr :rfuunut uf workluafl :f t}'po i f-urturuf~r
I,rif~~. rf, thf~ s~',trnf witlf rosprrt tu rhf, portorrn;tuf~f~ f.uustraiut (:)1.
`r,tf, rlf:u n, ;f. ~it'cu in (10) is uut flepf~urlf,ut nff rlff, tnt:fl :frric:rl r:rtf, ;tr
tlrr .f~rt'rr. Tlfis I,rupf.rtc tvill prut'f~ tu br t'rf;t' nsf~fnl iu flrcrlnl,iu;; assi~uwr,ut
rur,rlf~l. lirc uurltiplf~ .crt'rrs. Coltcu (19Ja) prot~idfr au altf~ruativr rsprf~ti.iuu
Io:uliu~ tu;f ti~lrtf~r I,rfrwfl. l'uforhuf:uf~l~'. iu this r~uf~ ff-,',:u~e depeuflf~ur urr thf~
rr,t;rl :u'rival r;ftf. at rlu~ sf~rvf~r wLich fli.xblf~s thf~ir ntilitc irf tiort~f~r ns.i~unu~ur
t}In, wufiol..
I~olh' (IJ91) prot'f~s tho osiaouf.o of sifrril:tr liucar f~fnrstraiuts (f.(Cc~f~tit'f~
Ir:rwltcifltó.l tirr uthrr pf~rti,nu:uu~f, mc:rsunr :t. wf~IL Of' partirnLfr intf~rou
r,r n. i, u I,fnuul uu tlro :ft'or;y;f~ rlcl:t~'. I~rllv shrftv. rh:tt if thf~ fun~tr:riur.
G;II~I ~ II" l12)
i..:ui.fiofl. rlrrn tlrf,rr osi~t I,actuuf~torti .i, tclforo:
i; - a, ~G!S;l t iÍÍ'(E[S:]~ f ~':ufS;))~ I1:3)
.ni li tlcu tho f,rrGnwauro f uu,traiut cau bf, writtf~u ns tho liuf~ar f'ountraiut:
t
EÍtI~J c li- ~~;i; ~ 1. (la) - ;- -
lu tlx~ ufst .fa'tiuu. wf~ will ntilizf~ tór liuoxr f'uustraintti (11) :furl (l1) to
ILrunfl:tto :rf~f~r„uft rf,ltrfsf~utaticr :fsiguruf~uts nuder t'ariunz f'ritcria. Bnt rtru
Lr~fi~ro th;u. ru ufnticate rhe ntilit}' uf the n,'s. cousider the,ituatiou in tvhifh
I,itr, acf~ .ortrfl b~' a.itr;lf~ rf~prfheutatice devigued to ~ivf, a f.crt;fiu sc~rvif.e
Ir,tr,l ~nar:nrtoo ti,r :t rf~spnuso tiwe liwit of rr. Assnttte alsu tltat whcu the
nsl,nusf. tiwo limit is f~XLfY41fVL R f.f~rtaitt pc~n~ltv is paid. To rxuk thf, f'Gruts
iu tr~rrus uf tlu~ prnalt;t~ c~ost th:u thf~~. f.annf~. oue cau .iutph' cauk tlfc n;'s
(tlro rnua f'u~tl}' f~licut i, thc uut~ wiró thr Lighf~st n; e:fluf~ .iucf~ rlfat c lient
f~rfustunf~, tho Ifi;;host propurtiou of thf~ rfhoarrf~l. This way uuc f~xu dctf,rffritrf~
;, ;tnurl:frrlizofl f~ust ti~r enró f~licut that depf~ud~ uu tlte tiert~ifc rryucst ratrs.
rol,:rir aufl trauspnrt:ttion tiwfy xud tlre sr~rvice Ict.cl. tlurs prut-idiu;;:f nurl tóat
w;f}. :r.,ist in priciu;; df~f~i.iuu..
ll)3 Assigning Niultiple Account Representa-
tives to Different Sites
lu thi~ ~w.ti~~u. ~co r~~u..i~lor tho uwdol of :1 tirlrl sc,rvir.r~ providin~ firlu that
nr ilizrs a ri~ r:u ~~mut mpm.~~uratier~-r.lir~ur :ts.i;;wuoutr :4v a titr:uh;;}~. Uudr~r
r Ilis .n;ir~~~c ~~;rrh rlir~ut Il:r, irs uwu nr-r~onu[ reprcu~utativc ~~.lw ;Ittr~urls ru :111
r ho a.n ir~. rritn~~st~ frurn t Ilis r~liout. T~cu ~~f thc lu:ciu I oucortts tirr thr~ luauat;~~t:v
~d' tlir tirw :u~, prolr,rl,ilit~- „f csr.rr~liut; thc rr~spuu.c~ tiulr~ liluit :4. sprrifirvl iu
thr ~,,un:u.t :Iwl a~-~~r:ho rrspuu.o tiwr~s. 13r~lu~r. ~tr prr~scut c:crions wudrls
I~~r ~~I~tiiu:rl ns,i~wuout ul'rrpmsrutati~~th tu.itr, nuclr~r thc ruuclitiou tlutt thc~
r~~~l~uus~~ tiluo :;nar:nltrrs ~eill I~i~ wr~t a-ith a r.ortaiu proLahilih- :wd tllat. tLo
:n,~r:r~o ro..p,~u.o tinro ~I~~~,. unt ~,~rwvl a~rrtain ~Irsirrvl Irwr.L Onr wxiu pnrp~rso
in rlii, .~v ri~~ll i. t~~ ~Iruu~usn~:ltr h~~~c .rn-iro Il~crl ;nxraunr. rau bc Ilau~llwl
iu n c:u irrc ul' pn,l~b~ru ~ortiuris. lG, rlu uut lu'urido Mdntiou mr~tho~luluy;io. ti~r
t~clrt i~.nl:u f~rrnnl;ui~~u. ,iur~, rlro :Ippruf~riafou~~.. uf ;r tilrwnl:rtiun ~Irprurh nn
tllr .itn:uiuu. luai~:ul. ~ci~ ~ico rofi~rrur.ry tL:lt iurlndr, soluriutl wrthorlal~lgirw
~r~hru :IC:lilnhb,:w~l ~c~~ st:p. ~citlliu tLo I'r:unc,tcork of liuc:tr intct;r,r pru~rumwiu;;
I~~rwuLuirw.. fur n-hich ;u le:L~t .mall sired problems r~:w o:4ti11Y i)P .ohrd b~.
~t:rn~l:rnl s~~ft~c:u~r~.
C'~nl.i~lor n m;;iou ~eitll 1 sitcs. rep;lir rcyucsts from r~:tcL loc~xtiou xrrivc
:u iunliu~ tn n I'uis.un prurezs a.ith ratr `,. `Cr~ :usuule tll:lt wlu~u :1 rollrr~
.~,ur:ui~~. .j i. :I..i~ur~d tu n lur.atiou i o:rrh relrair t:tken a r:uulont :uuunnt ~~f
tiwo S,~ ~ritlr ~li~n~ilmtiuu S,~(.rl. `rrte~ that tltc Mr~.ir-r~ tiwc distribntiou xllu~cs
t~~~-hui~~i:w~ tu lurco ~lifforrut 1~:4,r~ ru locatiou di,txmrs if rhi~ ruuud-tripn to ba,v
h.lrr tr:n'rl mu~lc~l is ruusirlr~rtxl.
luiti:tllc. :t~snule that the~ flrtn givrs ideutical dela,y lituits. rr. tu eacL clieut
:1. ~rr~ll as rr,lpririu; tlutt tlte dclxp liwits am Inet with prohabilit;ti- rlr~terwiued
I~~ n I~:rr:uurr~,r ,,: i.~~.. it iti mquirod that P{[!"; 1 rl~} G r--' wllrrc If-, iti
tlu~ r:unluw v:trialrlr~ thnt rlruutrs thc waítiug tiwc~ iu tLr ith sitr~. .as íu tLo
t~rr~vi~nl..o~~.i~~u. ~er r~au drfiur~ au otfrv~tivr~ hluri~~~iritlr. n;~ for tlu~ xssignwrmt
11~~f r~~lYrox~~ur;uico j tu r.lir.ut .,itl, i:
n;r - ~~ ~
u
'I'„ ~aiu iu,i„Lt iutu tlu~ luoauiut; of nii. uuor~ at;aiu ruuvirlcr thnt tho rlY~lay
~~ul~trniut is a r.uu,haiut ou tlu~ ntilizxtiou uf;l msourr~r~. tvhr~rc~ tho rrsuurce iu
t Ilis ra.r~ is :YU aY-runut rc~Itn~IttativY, that t;honlcl providr~ a rY~rt;tiu sercic.c~ Iovr~l.
"fhr,u. n,i rau ho iutY,rprc~tr~rl a. thc pruportiou nf n~.rutrr~e j that i~ ruu~nturvl
I~~. xitr i It~-ith msprY~t. to tllc allua-ablY~ utilizatirnl IY~ecl).
`I:uuhc~lurut Ina~' al.u ruu~idY~r nppc~r bulwds ou thc acr~ra;;r r1oL1~' tllat tcill
I~r~ ~~slYr,rir,urrrl for :JI of tllc r~licutx. Fur :w uppc,r bumlll uf If' ~cr ran iutrurluco
rlu~ firlLnciu;; Ir,uul~cirltlc
.i,; -a; [E~SiJI ~ .tÍ{'lE(S,i~' tV:u~~si.i~), (1(i)
"1'u iutrr,rlnrr a mathcluatiral litrmulation uf tln, :~..iguuu~ut problem ruu-
~irlor rhr, tidlu~ciu~ rlr~r~isiuu c:u-iablos:
l il'rrprrnr~utxtivc j is assinuY~rl tu sitr, i
11 uthe~rtvix~
tin 1G i G7;uxllG jG.1.
Tho tit:~t problew tllat will be forlnulxted i4 that of a mitlinwnl cost :w-
~i;;uuu~ut. .1..ruuo .l relYmu,ntatice~ are~ available aud a.signing tlu~ jth ropre-
~rnt:,titr~ tu tho ith ~ith hati ;YU n.vuciated r'ovt nf c,i. This ront tna~~ iuY-IurM
IYrr~ti,rourr~ tcitll rrwpr~r.t tn oacll :t.,ni~llluent. t~'hic~ll lua}' dc~poud uu iur~:tt.iou, of
tln, n~.iYlrurvw nl'rr~pro,r~utatico,. p:t.a Y.licut iutr~ractiou, aud .o ull.
Thr fi,llowiu;; iuteger progrxm finds the miuilnuw r~o~t n~si;;uulcut wLilc
s:,tist)'iug tlto sr~rcir-o leva~l mcplr'stv:
,~~Í1 - Sr,(.r) )d.,'
fol' J - L 2. ....1
for j - 1. 2. ....1
for i - 1.2...I
ce;J - 0 or 1 for i- 1. 2. ....1. j- 1. Z. ..., .l
1~'`rnr~tluci rho:,l,uvcfi,ruwlatiuuisawultiplecuuxtr:tiut;;cucrxl:usil;uwcut
~,n~lrlr~rn iaurlir,rl iu rlclxh liv Cavi.ó :tud Pirkcd. 1991).
I, i. rn~i iun ~~uuuuu tluct umltiplo ru.pwt.c tiutr, liwit.:trr~ sprrificd iu.crvicc
rinu~ r~~ruract.. Flrr r:rcwplc. a cuutract mn~- .prk:if:v tltat !111'j uf nll u~rvirr~
r~~rlnr~a.. will Iro ;utcwlorl tu withiu a Locus aud JJ`j, uf all u~rvicc rcquentti will
In, ;ti rourlrvl ru tcithiu 12 hont-~. This i, ea,}- to hxudlc iu the abovc (ormnlatiou
I,y rlrliuiu;; nrw- baudw-irlths nsiug the ucw dolxp liwir. iu (LS) xud addiu~ a
r~rrrry,rrurliu„ ruu~traiut.
`r~st. tco r.rru.irlcr a c.la., of statfiu~ prublonts iu tvhiclt tLc ub.jtx~tivc is tn
liurl tlrr~ ~q,riuurl .izc uf :t rcpn~sr~utati~r r-rrtv nnclcr tLc coudiriou tltat nc~
~r~rvirr Irt-r.l r-rn,arniur. arr utr.r. Thin timo .l is tltc waxiuuuu ututtLcr uf
r~y,n~w~ur,uicr~. ~h;tr tlm firw w-rntlrl bc~ tcilliu;; tu nsr~. Lct .i (.l - 1.'?......1) ho




~~-~ r,,~u,r G I for J- 1.2.....J
r 1 n G l fur ~ ~;-i ,r ~.r j - 1.......1
~r-r n;~ - 1 fot' i- 1.2...I
-~ 1 u,~ fiir e- 1. 2..... I. .~ - I. 2.... J
c, - Il ur 1 for j- 1. 2......1
rr,, - Il or 1 for z- 1.2.....l. j- 1.2......1
[f caclr rr~pro.outative ha, a rliKcrrut rotit cJ deprndiur uu experiencc xud
.kill IccrL rrur~ r:ut :cltcruaticch' foruntlatc a problcw to fiud tltr miuimtuu co~t
rrotc.
`,rtt- r-rrusiclor tlro.pccial c:tse of tlte titxHing probletu in a deuse Reo;rapltical
rr,~ir,u w.ith rwifurw rclvcneutattvcy. Iu tltis casc. the rcpaic tiutc distributious
~lu nr,t rlr~l,ourl ~nr thr p:trtiralar r~ti.i~ntueut. This implic~, tltxt tlm paratneters
n„ ;wrl .i„ rlrr uot rlcpourl nn J. i.r: w-e Itavc fnr all i:
n~i - rr, :r~d ,f,~ - ;3~ for J- 1.2.... J (ltl)
I-urlr~r t Lr :tl,ove n~snutptiouti. one c:ttt honud (fi'uut beluw) tLe uut~bec. Y,.
13nl' n~prr.c.urnticrs rc~quirrcl tu :utaiu tllr prrtiirw:wr.c roquirr~nn,ut. 1'lli. c~;tu
ranih~ I,o ,cru as fulluws. Tllc fira twu cvuztraiuts „f rlto :lhuce problr~w uurlc~r
t In~ ur~~c ,r.a.auuptiuus:
~~-1 n;n;, c 1 fi,r J- L2.....1
~~-i .i;u;r G 1 fur j- 1.2.....1
rnu wlnivalr~uth. bc t'xprrsr~d a.:
~~-1 rl;a;~ C:,J 1i,r J- 1.L...J
~;-i :i;rr;~ G -J fur J - L'2.....1
12U)
`utv stuuwiu;; np both rqnatious uvc~r .l. csclrau~iu;; stuuutxtiou~ ou tLc, Irft
hnwl siclo uf thr, iucrlualitv .wri n.iu;; ~j-i nrt - 1 frn- all i(i - 1.2....!) rcr
,d,rniu tlto hutwcl .~.:
i i
~ . 71llilx r~ï~~~.I~r1J~~ (~l)
J-1 l-~
wlu~n~ f.rj rlouutc~~ tlu~ stuallc~st, iuto~c~r ~matcr [hau .r.
1'u doutuuarxto tóc utilizatiou uf tltc ,taHiug t}~pc formulations. a~o prlwout
tho fi,lluwiu~ unuleric~al rxnwplcr.
Exttmple 1: C'uusidcr 7 sites witlt bmxkdowu ratc~. (per hour) ,~i - U.ó.
`~ - I1.'2. aa - O.-I, al - IL;i, a5 - O.2J. ar; - O.2J. a; - U.7. :lssntnc~
Ilru tóo tirttt ~ivc~s ,r rosl,uusr tiutr guarautcr~ uf N tcorkitrg honrs :rurl it i,
rlcsircrl tluu. tóe ~uarvttrr, is ule~t at Ie~ast 90`r oC tlte time aud tlm wasitnum
luuubr~r r,t' rrp:rir pcuplc t.óxt ruttld bc eurplo}-ed is ó. Gousider thc c.riv~ w-Iterr~
:,II 5,.~ li - 1.2....i. j- 1.2.....i) xre expunentiall}. distribtttacl with tueatt
l~tr - l Ilunr. (This corrr~spouds w tlte c~ser where all clients~ reqnesr. havr~
ir6~lttic~nl ~t;ltititical c.ltaractoristics iudepeucle~ut uf tlte particnlxr represeutxtive
;,s..i;;uwc~ur.)
Tu .or tho iurc~;rr~r proy;ramntiu~ fortuulrltiou. the baudtvidth. lurvc~ tu hc~
c~uu,puu~d. C`.iu; cqnxtiou ( 15). it iv fotmd tlrat: rri - O.iO. cr~ - U.28. rrt -
t1.aG. re 1- 11.~2.a; - 0.:3~. ry; - 0.3:í. o; - 0.28.
The~ .vlutiuu of tLe intc:ger progratn yir~lris tltat 3 servers xrc~ nerctisarv tu
lurrt thc retiponse tinte rer{aireuteut, iu tóis case. The folluwiu~ x,~i~luuc,uts
11at~~ ~~I,r;iiuc~~l: rrlniir I,rt~uu I tu .it~,. I nucl ~. ri~lr.iir l~orsuu'I ru sitrs'!.,"~ aucl
G. :uul r~ fnrir pc.rs~~n :S t„ .itr. 3 au~l a Ithis is uut a tutiqtto uptiwm[tl. L[ t hi~
r;isr. tltr lutcot L,nw,l ;crcnnliU;; tu (21) j~~-i n~j is alx, ocltt:tl tu a.
lCr r:u~ :[I.~, tnc~:[sw'r tlu~ ac.tt[al porti,rtn:u[c~c~ nf tlu~ s)-stc~tu twclor tl[o abuvi~
n..i,tun~~ur .iu~ ~, o:tvl[ rop:tir presuu upc,rxtc,.:u~ :u[ ~I~~I~L ynouc~ fur tcltic~h tho
roa,c~us~, tiwc~ ~liaril,ntinu is:
ll'Lc l - 1 - ~H. -i~i i-,,t~
~cl,orc~ p - 1;'~c.
Pin'tlu~nlrucc~rs:uupl,~lh - `i-r1,--lr~- 1.~tA-,tar-l[t-~ai~i -11.i
~'hic'It iuil,lic~~ that tlto prulr.tbilih' of' wcrtiu~ tl[c ,c.r~'irc, ;;uaraurtv, i. 11.9-l.
Example 2: It tv„nlcl bo iutc~rc~ai[r„ fo qnautifv tltc c~o.r. tLaf :u'o iwpusc~cl
I,v ~i.itt~ thr lixc,cl a..,inwnout nf rc,pn~,c~utafitr. in rctwp:u'isnu tn a fnllc fl,~~-
il,lr .c.h~~tno tclcc~rr a I,uul uf trc.huiciau~ is n.ed ru clcal tcitlt iuc~cituiu;; srrviro
r,,~tnras. [n a I'ull~' Hr~iblc~ ,c-Itr[ui~ uu~- tcrhnici:w c~nn 6r euc~i;;ucal tu :nn' c~lic~ut
uhirl, w:tkcs tl,r .csic~nt a siu;;lc~ `l~`[~c. yucuo li,t tcóich thr tcaitiur tiuu~
,listril,uti„u i~ c~xldiritl}' :tvxiL[blc~ (tioc Grutis ~ucl H:u'ris 19N5. (i,r c:c:uuplc~).
('~~u.iclc~r rhr t'ullutciu;; c:t,r: fhc~n~ are lintr differeut rlirut rlassc~s c~l:usitird ac-
rnrcliu~ t~c n~p:[ir royuc~,t r:Ue~n. Thero xre~ 3l1 clictdn of ty'pe L 2l1 uf tt-pc~ 2. 10
uf t}'pr :3 :uul lll of typc, I e.itó re5pc~ctivc~ ,orvicc rc~cptMt. t:tto, of U.115. I). L 0.2
au,l t1.:S l,or ócnu' li,r c~nrl, c.l:u~~ (~cltrrr oac~h c~lic~[tt'~ rvquc~t arricoti aa-urdiu~
t~~ ntt iuclc~pou,lout Poi..Wtu prucch~). Our r;tu thou tt~c~ ('?1) tu uht:tiu tltc~ wiu-
itunut c'row .izr tii ;trltir~r ;;ivrt[ sc~['viro levoh. Thc~ nytdL. :tro snwut:u'izocl iu
Pi~uro 2.
f:vou rl[o.r simplc~ rxantplc, detuoust.ratc~ thxt dc~dicatrl .rrvic'i~ h:ts :[ c~uu-
.iclorabl~~ rua. Ot[ tl[e uthor hand. it is obvions that ruucplc~tc~ rchntu'c~c puolit[;;
i~ buth Itarcl tu iwpletueut :tud will tucet with stroui; up)rositiou i'row the c.lieuts.
Iu ~~~rtiun 3 tcc, incrstigatc~ tltis is.ur iu tlu~tl[er detail to w[derstand the cuucli-
ti~~u. ~nt~lrr tcltic~h cb,clic.:uiuu is a vi:tblc~ altrruatice
itt Itn~viun. lur[unl:ttiuur a fixavl tict'~-ire IE'cYI tv:n xsigucvl tu al rttstoute~rn
iu iIn, .~~rvi~ o urttcurk. Siuri, sc,rvic~~ w:trrantic~s xrr u.u:[llt' iucliviclu:tl ~ uutr:u~t
li;tscvl. it is al~u nf iuterc~st tu tuodel tóc c~:Lre iu w-hirh tóc sorrirc~ lovc.lx uf
1-~s...~~. ~..a
Fi;;tur~ ~?: Rt~ynir~~tl C'retc Sizc, f~ir Diffcrcut Scrt-it.c Lc~.clti
~lilli~rour rit,ruwrrs ~.au lic .elrctrd iudividnalh~ ~Icpemliu;; ou rotit .wd revouuc
r~m.iAlrratiAiun.
1'~~ rrtu.~iu tcitlriu tlrc rcalm uf as.i~;runrnt tuudels wo lutrc tA, :u,~nutc that
iu thi. zituntiuu c:u~h t~licnt rau bc offcred uuly one of k(k - 1.2..... ti) ilif-
fi,rrut rln,.eti uf vcrvirc~ Icvid auil target responsc tiutc coudAiuatious. A typr
k ~~nutlAiuatiuu in detcrwiucd by a 1)aÍt' ('u~t..vA.) where u~A. zpecifics thr t;u;;ct
roa~uusi~ tituc nud L'-~A ~l)IYJIt1Cfi thc. sc~rvi~~n Icvel probabilitv suclt tlrat :
r{ ll' ~ ~,.A. } ~ ,.--.
Tl:is iuwu~~liat~~h~ Ioa~ls tu a b;tu~l~t~idth:
fl;i~,. - ~; I Xl.,A.rI~CA~(I
- Sij~.t~~~tJ:1'
JO 1
:1ti ;t~Irurtcomiu;; oCthis tppe uffonuulation. uote tltat. a;iA.'s xre meauiut;fltl
uulc if all i licuts asigue~l to a represeutativc Itave ideutic.al targrt respotr.c
tiwr, :tutl .erviro Iecels. Heuce iu the fortuttlxtiott we add tlte r~uustraiut tLat
o:u h reprosrutative iti assigued a single ~ervice level~respouse t imc rombination.
.as a spArifii~ iustauce ofthin model. counider tlte t.atie n-Itr~rc atisi;;uiut; clicut
i .~~rvia, Icvcl k hrinRti au asuiciate(I rP.VP.l1118 of r;t,. wLich rNHecxs tlre dircrt.
IGr~~c~,uu~~ .I,rrili~~~l I~~- tl,r ruun~art :t. ~roll :ts {,rrh:tp. fntnrc i'nnsidi~rariuus .u~'It
n. rlirut r~~ti~utiuu.
D~.tiu,~ rl~o ILIL~~ciu;; ~I~,cisiuu ~-:uiahlos:
I il' rrl,n~curnr icr j is :~esi;tuvl tu sitt~ i. tt~hilc sitr~ i i. s,,rt',~d ;tt li~t-cl k
n ~~t ln,r~t i,r
G~r l~' iG l. l G jG.l. l GkG lí. vtd:
,,: -
l
t if n~l~rosi~ut:tti~-c .y i. dt~si;uxtfvl :w a t}'pr k sor~'it'e~ let'ol pruaidt~r
U ~~~lior~ci.o
I'~n I- j~~ .l ;inil L G k- lí.
`la~ ~~-1 ~.~-1 ~A-1 f,d.l4~.IA.
ri~-i ~t-i t~,tt.n,~A. G 1 fin' J- 1.2.....1
~ r h n, - I tur i- 1. 2. ..1 ,-.~-1 ~k-1 lA.
-~A. ~ n,~A. for i- 1.2.....1. ~- 1.2....J.
k- 1.2....ti
t;
~R-i -,A - 1 For J - 1.2.....J
-,A. - u ur 1 for j- 1.2......1. k- 1. 2.... lí
ir,iA. - ll or 1 for i- 1.2..... l. j- 1.2..... J.
d~ - 1.2..... ti
4 Almost Fixed Assignments
lu tht~ prc~iuns soctiuu. ~~'~~ discusstvl pcrform:tncc aml opYiutizatiuu is~ncs ~~'hcu
~si~ h rli,,ut i. ns.i;;ue~l tu n tutiyue :tct'ouut repres~utative ~rltu h:tucllev :tll .er-
~.ir~, royura.. Siwplc wuu~~ricxl osawplrw have .hu~~-u tltat a~lditiuual cost uf
~I~~~lii';ttiuu u~'or t'uwl,letr pooliug cnn b~~ vorp hi;;lt. Ou tlto utlter hxud. it i. ev-
i~l,~ut tl~nt rli,~un~ royntrts fur ~Iediratiou aliwiuatc [hc po..ibilit}' nl' cot,tplcro
rr.~nu't-o I,~,~~liu;;. Therefi,re. a romprotuise may b~ ueccy.xrp. Iu rltis ,rctiuu.
tcr iu~-i~~ti~:tto rho etfecr, uf iucludiug sutne degrrr of flexibilit;c iu the fi~tvl
:tri uuw rrprt~a~ut;ttitr s}'vtotu. In p:trticnlxr. wr :ue iutereaed iu mi~a.nriu{;
i lu~ I,orl'~ ~rtn.uu-e „f a.}'stem in K.hiclt accouut repreu,utxtictw :tre respousiblt~
lit~~ Ic,u~lb~ wua {I,ut uut alll rrquc~ts frow rlu~ir c~lic,nt.... Uur pnrpuvo horo is
u„t t~, pruvid,~ a dc~r.tilrtil snc~~duliu;; :utaly~.is but tu rxtrart nnidc~Iiuc,. fur dc~-
~i~u. tlr,ur~,. w~c, iwrnclncr a siwplr~ urudcl tltat nc,~.crtóolc~,. c~;tptiu~os nc~~ c~.,c.ucr
uf c:uiuns h~:ulcr,ll's hc.tw-cv~u fixc~d c.lic~ut-rrpmnc~nt:U.i~.c~ a,.ihutuont, ;turl tuum
fl~~cihlr uur..
4.1 Dynamic Assignment of Service Requests with
Flexibility Constraints
Gnr.iclc~r nc-o rrprcvcutativrs tlrat each havc tltcir turiyuc~ patrh of clic.ut.. L'udor
;t lixc~~l assi~uwc,ut .rltcn,c~. tlttr two sorec~rs forw ttvo parallcl c{urnrs rxc L with
tltc~ rnauwvr rc~yucwt. fin~miu~ tltr` arricxl ~treauts. Let ~t (a~) clenotc~ :u~rival
t:uc, uf rnstuu,rr. th:u arc~ iu tlto patclt uf rc,prescutaticc 1(2). Pnrtltrrmoro. Ic~t
p i;iucl ~,~ I,o tLo ace~ra~e sa,r~ icr~ rates ofreprMe~utati~.v, 1 and '2. Fur ,implicit}-.
wo ah,~ wakr tl~o a..uwptiuu that arriv:rls urrur acrorcfirti; tu Poi.xun pruc~r~s.c~.
:uul .c~rcico tiwe~ are expoueutiall}~ cli,tributed. Oue way to iutroduce Hexibilit}.
iu tlii, ,cstour. is I,~ ruu~iug a rustutuer rhxt i, iu tlte patclt of reprc~.e~nt.ativc~
l f:r tcpr 1 c~nstotur~r) totc:u~ds reprc~r~trtative 2 ur vice versa. ~lurcrx.c~r. if wc~
;i~.muo r hat uuc~o a c~lie~ut is aai;;uc~cl. 1óere will be no.jockeying bc~twev,u qneue,.
w~, r:w wc,a.nrc~ thc~ nnwbcr of mistuatclu~cl cttstumers hy couutinq rlte utuubc,r
~~f rnsruwvr~ tLat nro assi;;uorl to tLc not-ptrfr.l7Y'd lY'ptesr.lltllttvcr. 11'C cau tLen
cpt:wtitl tlto H~,xibility uf thr u~rvice st~~tem hy the following rrtin:
Expcv;tcxl munber of winmatches per mtit tinte Ploxibility- Ratio - (2:3) Expectcd nnutbcr of arrivals pc~r mtit tiwr.
TLi. w-:r~. zr,ru Hexibilitp currespuuds to a fixeel a.~si;;uwcut ,rlreme. but.
I,~. ruu,traiuiu~ the Hexibility ratio w.e cau also obtain ahuotit fixod a,.ign-
utc~ut ~c~ltetw~.. Huw~ever. uutc that tic,tetu performance w~itlt a Hc~xibility ratio
r~,u.rraiut clr,prucfs ou tite partieular asaihwueut polic~~ uu~cl. Therefore. tu
c~,uq,:tre~ tlu, perli,rwauce of the ,}~~tr~ut twder differcut HexiLilit.}~ cuustraiur,
uur .hunlcl Im ~ un.isteut iu tLo a.a,igument polic~. nwd. Tu thi. eud. ~cr~ w.ill
furuminn~ a ch~uamic. r.outrul prublcrn that ran be sul~Y~d to ~~iclcl tltr, oprintal
~h uawir rontiu;; policy for a given flexihility ratio constraiut. Tlti, ~cill allow
ns tu wak~~ titir c-omparisou. brtwr'eu clifferent Hexibility Icvelr.
18I'n~cinnsh. tco h:ul uurlorliucd ttcu p4,rfurtu:utrc wo:tyumn that :u~r' critir':tl
Grr fir~lrl .rr~ irr, .~'srow.. "1"Itr avrra~e~ ra,puu,o titur~ :utd thr prul,abilih~ uf r~~-
r ry~rlit~, :, ~icou n~~l,~mu~ rimr limit. Br~lute. tc4~ forumlatc~ a SIUPII:LKUP ll)'11:11I111'
Irrrr~r:un tluu tuiuimiz4~. tltr tural r~sp4rh~d yu4~uc leu;;tlt~ (sh~ouqly mlat4rl tu
:,tr~ra~i' ro.puti.r timr.) Imt :tlsu evaluxtc rhe probabilities of exi'4r~diu~ a t;ivt~tt
rospnu~r' tituo liwit fur the uptiwal polic,y'.
Lr~t r„ rlrtunr tl,r titur~ nf rho n't6 evt~nt (arrival or deparl.ttrc~ from t6c,~~.-
totol. I,'r (Irll„1 rleuotr~ thr~ uutul,rr of r'lieut.. wxitiug to br ~etrvrrl iu 4tucn4~ J
i.i - I.'!1 linrlwliu~ thr, rn~tuwor br~iu~;.r'rvirod) nt tiwc t„ ;wd Iot I;U„) (i -
1. ?I lu~ t I,r' iurlirnt ur f,utr~t iuu rort'r~spuudiu~ ru arrival r.y'pos. i.r~.I,(t„1- l if thc
r~t'r,tu nt riwr t„ i. au nrrival uf ty'pr~ i aud 1;(I„1 - 0 uthenvinc. `~'i~ r':ut uoa- r14~
t,r rtr~ t Itr~ a:ur~ r,f tlu~ .}',tr~w Iw rlu~ crr'ror .l'„ -((h (t;, ). c1tU;, ). ~t (l,r )- f ~(l,r ))
tchrro t hr~ ~t:ur .parr iv .~" x"~" x{0. l} x{11. 1}.
Thr~ r'uturul.. r'urrc.puurl tu tór routiu~ drr'i.ious attJ thtw depcud ou thr.
tcl,r r,f r uauuu,r th:u :uricr.. rlrfiur Dr(I„) (i - 1.2) :~. thc~ routiu~ dw'isiuu
t,r Im tn:ulr :,r thr~ iust;,ur'r uf thr n'tlt r~ct~ut. Rr~idth thc qn4'uc IcuRtL.. a-r~
:ur, al~u iwr~ro~torl iu tlto uuwbor uf r,ei.anrutnc~s. :1 wi~tuat4'It will ariu~ tchcu a
rn.,tuutr~r uf tcl,o i i, ruuu~d tu rptenc I (J ~ i) upou arrival. 114, .u~t C-;(t„) - 1
t,r w:u'k :4 wi.w:ttrlt. Itcur'o U~(t„) - 1 if I~It„) - 1:wd ruxtumcr i i. rouhrl tu
rlnr'nr~.l Ll ~ i). utltet'wi.o C~~(tn) - 0.
Lrt r'l.`"„ 1 rlouute t.lto ituwr~diatc ru,t inc'urr4rl at decisiau opurlt n. tLetc
r l.~,r 1 - q ~ ll,r ) f(1~(l;, ) (?a l
'llu' rrrttsn~aiur~d ~f:uknv rlrr'i.ion pruhlr~tu r'nu ht~.rt as:
wiu liuq~x iuf .~-E f~rr:u-r„~rc(.l,r)~-~u --r~
snl,jcr't tu
E ~,,:u:n~írt ~U~)t(':(hJl.y"n-r
Iitnt ~Y iuf - Gp
E ~,~.u~r.~í7-IrUr~ltl~.(t„11.1o-r
lClu,u tlu~ aare ,part~ is trmtcxtrrl. tlu~ alxwc prubletn r'au br furuudatal
:,.. n liuo:u pnr~r:wt liv ~hwdard nxultr iu A[arkov Decisiuu ['ruc'o,w~r. Tlto
liui~nr prn~ratumiup; fornudatiou t~uablt~, tóc uuwcrical compntatinu of optitual
n,nt iu~ ~~ulirios. Hu~crwr~r. it a'nnlrl also be nsefnl to uuderstatul tlte ,trncrnrt,
1 rJ~~I' ~~~~~~I n~ntiu;; (tuli~.it~. tu W.r if tltt~c r:m Itt,:tpprnciw:ur~l In-.iwplo rnL,.. th:u
:u~~ itut~I~~uu~ut:tLlr iu pr:u~tiro. Tu thi. i~u~l. n~~~ rrlas rlu~ wuaraiut iu (''S) I~c
:ul~liu~ it t~~ tln~ ~~hjortic~~ finu~ti~~u. Tltorc~ti~rr. ~~-t, ui~~c It:t~~~ tlt~~ tutr~~u.ar:tiur~l
L:t~r:nt:;i~:ut ttn~blrut ~cítlt t~rualtit~s ti~r t,aró wi~w;itrlt r:
tuiu litu iuf TE I ~ ~1-~,~) t r(-t(t~~) f r(.'.:(t~,)~.1u -.t l ('?ti)
tlx L,~:n~t.,~r
'Clt~, ml:txod ccr.iou nf tltc probletu i, :w nuruu,trnituvl `lU[' fur rchirlr
rltr ~~l~tiwal tatlit~~. i. aati~,u:u;c :utd uou-r:utdinuizrd. `lorru~rr a. n.ill Itr
.h~~~cu iu tltr litll~t~riu~ thtv~row. tltr iqttiwal st:uiuu:u.~- pulit.}. It:t, wuuutuuit it~-
ltrnt~rrti~~.. th:u r:tu I~~~ osl~l~ritwl tu dt~si;;tt pr:frtir:tllt' nscfnl ruutn~l ta~lici~~s.
Tlteoretn 1~f~,u~~n~ut~ ~~uuunls s~~p:u.eur~l I~~ iut~masiu;; ,~citt hiu;; ~~ur~~~. rsia
fa tlir ~huatuir asi~tnuout pruLlow ~eith wistnntrlt pru:tltir...






I'i;;tu~t~ :;: T~-pical S~~~irt~hiu~ C'tu~ct~,
fu Fi;;nro :3 ~~.t~ tlt~monstrat~~ a n~piral optiutal asi;;nmeut policc. In bt.t~~.tv.u
tór tn-~~ .~cih~ltiu;; rnr~rs uo mismatrh is uivvrsar~~. I3elo~c thc~ first t~mvr (tho
~~u~~ rlu~:or tu tlto Qt xxis). tltr uptiwal :u~tiou routtn a t.nstomrr ~~f t~.lx~ I
?Ur„ ,Inrm~ '!. .ll,,,w. thr~ .rruwl r urc,~ rh~, uptimal artiuu i. tu ruruo u tcpo 3
rnaururr ru rtnrur l.
:`Itlnnt~lr ,~s;u-t r,ptiw:rl pulit~ir~. arr diHir~ult to iwpletuour pra, tir:rllt'. tlro
rmwnr„nirit~ r,rnlr ounhlo, n. ru roro~uizi~ tlrr, lia'ru uf..l;uod'" a-Irorhrliu~ puli-
~ ir~.. I~„r ox:uutilo. :r rlas. uf pulirir~s tlutt „ico piw~i~~ci~o liucnr monutuu,~ s~~-itr-h-
iu~ rnrc,~. i. t Iro s„-rxllrvl (n..`') cla.tis uf pulir`ir` iutroducwl Ly cau ,Ior Du~~u
Srln,urr~u awl ~';uwostr ( 19JU) nud~~r a diKr~rcut settin;;. .a. an adaptatiuu uf
t I,i. vl:r.., nf In,lirir~s. ~cr prup,~u~ uniu;; t.wu p:u':uuctcrs for ~~arlt na'itrhiu;; rnr~'~~.
in~. (rr..`'I I'„r rnn~o l rtu,l (rrr..ll) fur rnrec 2. iruph'iu};:
i 1'I'rarrai,r a rustowor fruru itni~n~~ l to ,pu~uo 2. if Qt (t) ~.V aml (1:j!) C rr
irl -frauai~r n rnauuu~r Il,nu ynou,~ ? tu rtuonc l. if (1t(I) G nr aud (1~(t) 7.lI
-1.2 Evaluating the Benefits of Flexibility
In rl,i~ .rrtiuu. ~o r,nupnro tlrc rHiti~t. uf Hexióilih' ou ar~rorurt rc~pms,~tttatiro-
, li,,ur n..i:;nwr~ur .rr:ur;;iir. ~Cr ruusidrr pr~rlin-maure rnhaur~ew~~ur. in t~cu
~lir,,rtiuu~: i) nc~~ roductiuu iu tlrr at-r~rnt;r~ unutbrr uf r-licut. tcaitiu~ tu br~
.,~r~.irr,t ii) rlu~ lrroportiuu ufclicuth ~clto arr~.c~rvod Iau~r thatr tLr ni~i~u rosputtse
tiruo liurir. Onr roa ra.r~ i, tltc nt-u,~licut rteu ri.pri~i~utati~'r ruuilr~l iuh'odur'orl
nlmt-o. 1l'0 .rt I,otlr scr~~it-o ratr's tit aucl la.~ rvpral tu 1 aurl not tlu~ rNtipirtier~
nrri~;,l r:uo. ` ~ nu,l `.~ i,yu;rl tu oa, h ur Itvr. This tcqc. rhaugiu~ t.hi~ arrical rntc,.
i, orptit';rl,~ut r„ rlr:ur~iu;; thr trattir luarl. p. ti,r rar.lt qni~ur~ (!~ -~i ~Irt - ~~~Ir~).
"I Iris ,.nrrrspuu,l~ to a r:r.W~ ~t'Irorr~ thr~ r~li,~uts lutvc id,~ut.iral ~on'irc liutitn awl
rlrr iuiti;rl,Ic~xi~u as~i;;rrs :ut equieale~ut load ou the represeutaticr~s.
T,~ ruoatinm rho porformaurr. nf tlte s}'stow at diKerrut Hexil,ilit~. I,~t.el..
uo u~r ,Icu:rurir~ pru;;rawwiu~ iu the follu~ciug ~~'ac. Fur ;iecu tratfic pararn-
,~r~~rn. ~cr r.rnuputr~ thc approxinrxtrly optitnnl statiuuar}' puliry nsiug tlrc La-
~r:ur.~,~nu L,~aristi, rbsrrihr~d iu thr~ prc~-ious ~x~tiou. ( htrr tlu: appruxim:ur~h.
~q,tiru:rl t,ulir;~- i. ubtxiucd. ~cr~ utic calnc. itcratiuu to ,~uwpnti~ tlr,~ r~xp,r-tc~d
,tu,~u,~ I,~u~rlr.. rhe uuwbor uf wisuuttraus por twic tiute aud the prupurtiou uf
, liout. ~~ Irn ,~x,~,~crl tltc dola}- liwit rwdcr thc optiural polict' jW~o Appi~tttlix Ti.
I„r ~ I,v ,I,~r:rih „f rLis c~ourpntatiort).
21I-loxil~ilit~ R;uiu Cuustraiut
~ p II 0.115 ~ 11.1 11,2 1 ~
~ 11.1 ~ 11.?`? ~ 0.2? , 11.211 ~ 11.20 11.211
11.2 Il.á ll.li ' O.~T O.d'3 O.d3
11.3 ILZ;G I1.ii Il.i7 U.li9 I1.(i9
0.1 1.:35 1.23 1.13 1.02 LOl
i IL:~ 2 l.i.a ' LuJ I.LJ 1.~3
~ Il.li :3 2.SD i 2.'I~ ~ 2.2J '2.112
11.7 ~.Gï ~ :i. i,! :i.-1i .3.115 2.95
~ ILK ti (i.115 ,í.3Lt ~.SG 3.i:S
~I 11.9 là ll.ï3 ~ 111.lG 111.-16 . 9.SS
I:rldi~ I: Tlu~ r~lirrtocl yuc~nt~ Iru;;rhs a, ;t 1'nurriuu of tltc~ trattic luad aucl tho Hr~iLilit~
r;~ri~~ ruu.n;iinr
lu "Grl~lc l. ~cr rutup:u'r thr ;rcrra;;r ynrue Ic~u;tli. for ynoiu~s witlr trxt6r
I,:u;iuirtrr.. rau~iu; fruw ILI to O.J ruidrr tltrcv. Hcxibilit.~' ratio ruu,traiutti:
U.11:~. I1.1 ;cwl 11.2. `~'c nl.o rrport thc rxtrrmc r:L~. A. thc~ rxtrerurly ri;;id
r:rsr. nr rou,iclor tlrr íixecl rlicut-rrpre,eutative ahsigtunent which lexds tu t~ti~o
Ir.crallol ( :rwl uuuintrrartiu;;) ~l~`I~1 yucues (tóe zrro Hexibilit}. c;t.~cl. :1,
ilrr r~tromrh Hrxihlc raW~ (uo Hrxibilit}' ratio conaraiut). wr rott~icler tlio
fnllc tirsildr wuclrl iu wlrirlr iurotuiu;; srrvirr rrquc,ts :uo optiurallv routrd
rr~;rnllo.s nf repreu~utxtivc~ a.~si~wuruts (~rhiclr Icads to sLorh:~t yurue ruutiug
iu ilii. rmc~). .-1 Hrxibility ratiu roustrrtiut of ouc i. used to drnotr thr firll}~
Ilr~il,lr r;u,r ov~~u tLou;;h for I~alanceKl traHic lo~uh tlte coustraiut will not be
ti~hr ~cith .Irorto,t ynrne ruutiug. Table 2 repnrts the probxbility~ of exrcrcliuR
n~Iol:n- liruit ol' 2S. tiir tlu~ ;;iccu cuuJ~iu.rtiou of tr:cHic loacl aud flexibilit.~- rxtio
r~nisn;tiut.
"rLr rosnltx iu T:rble 1:wd Txblc 2 dcuroustrate thxt certaiu setnps arc mr
.uit:rlcla (i~r arirt fixo~I ,~si;;wueut .rLetury. Fignre -! displa~'. t lte iwpro~-eruew.
iu Icrrfunu:urrr ( xvorer~c cptenc lrugtlrs) a~ n perceutage uf'tlrr total pustiiLle iw-
.~.~Flc~xihilit~- R:uiu Cnustr:tiur
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I,tl~lr ': ~Cail u:tititt~ titttr ttruhaltilitios :ts rl fnuc~tiuu uf thc~ tretftic. lo,td ;tucl thc~
Il~~eil~ilitc rati~~ i uu.naiut
I~n~ci~tw~tu ;i. ~i fiw~.tiuu ul' thr lirxibilitc r:ctiu rnustc:tittt. It. is app:treut tluu
tlu~ iwl~rucc,mrut iu ttrrtirewxucc~ tltrou;;lt Hc,xibilirp bocotnc, more :utd wurc
~i~uific~aut nt Iti~Lc~r naffic luaclr. Iu Eu~t. :u hil;h h;ttfic lu:uls (p 111.Z;) o~ru a
,uutll tl~~sil~ilit~ r:uiu :trhic~-cw a pc~rtin~utattcc ahuo5t as ~oocl :LS tLat of the full
Hrxibilit~-. Tlcis i. c.ousisteut a.itL thc~ ltexvy trxtlic re~ults uf l~c~lly xucl La~cs
I I!)!1:5) tclw slcurc that iu Itr:tv}- traHic~ porformauc~c iti uot ~~or~. clepeudeut ou
th~, Ivnti~.nlnr ~hu;tiuic ruittinq polirc. Txil n.aitiu;; timc prub:tt,ilities iu Table
2„nitirui tIti. I~hc~uuwouou o~.c~u iu ;t sLarpcr m:uwcr. For ra~pun~c tituc liwit
~ ~~u.idc~ratiuus. Hzocl asi~tuueuth :trc~ c~u~tl}. ~citit respect fu Hc~siblc~ ,tructm'e~
~,~ou :ct utuclcrnte aud lua~ tratiic luads.
"I'ho aLu~r ri~.ultti ,n;;gesr nco cliEfereut upproachc~s for Held servic.e desit;u.
lu uuc, ;tpproac h. tltc .ytitew is desi;;ued iu snc:h a tceiy t.Lat represeutativc, tvill
I~o ;u ~i-urk (trnccliu;; ur mpair) mua uf the tiutc. tu tlti, c.:tsc. ,oute Hexibilitc
is c~ssout i:cL au iilc~al appruach wonlel be to Itatr service teawti of rrprcaeutxtives
.~,r~ iu:; ;i nnuJxr uf c~lietu.. Uu thc, other haud. eveu mtcler tlti~ clesigu. it is
Im~~il~lo tu ~Ivsi;;uatc a,iu;;'.c repmscutaticc that dexls tcith wutit (sx~. 91Pj) uf
23I'i~ttrr~ -I: lutliru~-ontour iu Porfr,nu~uco I Expc~crc~cl (.2uc~nr Lrul;tlul ;tt Diffc~rc~ur Tr:ttfir
Lu:ul.,
rrc~nc~as 1'cuw :t ;;iectc clic~ut.
Tlu~ .oc uurl appruat.L tu fic~lrl sc~r~.ic~c .cac~ttt desi~n i~ to It:ct.c~ rc~limscut:tti~'c~s
tcurkiu~ uu c~lieuts' mqnest. (tra~.eltrcpair) :cbout halfuf thc~ titue. Iu this r:ctio.
rlu~ lrrrtiirw:wc.c~ iuycro~.owrut attaiucd liv Hc~xiliilitc rnat~ bc less siguific~nut than
luu~or tc~rw goxk of rustomcr rcteutiou aud lti~h quality-,orvicc rc,put:viou rLu,
porwittiu;; :t Hxecl ropr~scutati~.c~ assiguntent atrnc~tttre. Ouc rau ou~.isiuu ucauc
ut hrr luu;,~r tc,rw bouc~fitti iu rlci. c:Gtic~. For iutitaucc~. siuce t.he mpnwwutatit'es
:rn~ uut o~-crn.hc,hucd w.ith work. tltc`' roulcl work witlc tlte c~lietttti ou :c worr~
c nstuwizrd h:L.is. Tliis is a c~rirical issne for scrvia~s. a.. thc dt~finitiuu uf c~cculiF.g
r~( .,r rc~irrv i. a fuuc~tiuu uf c~utitouu~r perception xud Lence i~ vc~t.a diffic-ult tu
~tnml:trclizo. .auuthor importnut lou;;c~r terut bcue~fit of Hxocl atisi;;uuteuts is
Ut:rr it loa~-os tiute :utd woti~.atio~t to the repr[weutxti~.c~s tu c~ouporate~ uu ue~c
.r~n-irr:utd liruclnc~r rle~.c~luptueut.
5 Conclusions and F~iture Research
.afu~r ~:cles sc~r~.ire berotues iucre~.iiugly importaut to mxuy finus itc teruts of
rocruuc~s. [u :ulditiou. tlto cptality of servicc~ affec~tn thc cowpet.itit.e positiou
?~,~f tlr,~ tirw. Stn,li,w iu rlro antuwubilc s~rtur. fiir iust:uu-~,. óaci~ .Iwwu tóat
In~rr,y ti,~l,l ,or~~i, r I~~nds tu iui.rr:tu~rl nales. Howr`cer. iu spite of thr iw~ri,asiut;
iiul,urr,u„v~ „f tiol,l ,i~rciro. it xpp,~xrs tltat vr~r}' little res~arch work Itxs b,ru
~I~,u~~ tu ~I;,t,~.
1l'0 l,ruti,li~,l t,l:umiu~ uw,l~~l. tbr a fiold scrcim tirw tiu'iviu;; tu cowbiur
~Iwrr trrw ,orcire perti,rmxuce ;;uals ivitlt luuger terw goxls uf clieut reteutiou
;,n,l .;ui.~lh,.riuu. Q:~.,,~,I uu a pxrticular exxmple uf a tield ti~~rvicr, firm. we
rorn;;ttiz,~~l tho rwi~luc cu~tuwer reprt~eutative vsi;;uweut :ts a prior couditiou
ru :,róioci, tho Iuu;;cr tcrw ~uxh. ~Vc theu d~~mouarated that, nnc t~au formnlatc
tr:,rt;,blo ru:ttltoruatical tno,lrls tóat combiuc a,rvit~c Itwcl ~narnuuYw with tltc
,I~~~lir;vo,l "~r~'i,~v ~nc~~uu~. Fiually. w~, iutrodncc,l a mudcl tLat. itmestigntc, tlu~
~I,~,li, nri„u cor.n. shurt tc~rut l,orfurutaucr~ trxdc-offs.
Ir w:,.. sr,,u tlu,t ,Ic,,li,;uiuu strou~ly ,~ouHit~ts with slturt ti,rtu pcrti,rtuxu,-o
,~ml. uu~l~,r ,rrr.tiu s}'st,,w ,~uufi;nratiouc. Iu pxrticular. our tuudol dcwuu-
.rr,uo~l thnr if .on'irc nq,msent:uivcs ar,~ uvrrn-hehut~d with clieut~' myu~hts
w„st „f thr tiuu~. tltc .crict dediratiou frxutewurk is tuu ,~oalv iu tht~ sltnrt
trrru. D,,,li,;uiurr ix pmli~rxble wlteu service t'epreti~utativi~s havr loont~r u~luxl-
ul,~.. ~~'r uuro,l tlutt. ;tltlton;;h expeusive iu tlte,hort ntu. thi~ tnav h:tve wa,jur
n,lc.,uta~r. lin u,~w .ercire~Pru~lu,-t drveluptueut aud rustuwizxtiou.
~I:ui~- otlu~r itut~rc~stiu;; and iwportxnt. isaues for ficld servicc. t~aunot Itc
,~n~-,~r,vl I,~- tho wu,lols iu tlti, papi~r. ['or ~:xxutplc. wc uuted tltc hi;;lt opor;t-
r i„u;rl rua uf :t do,liratal acronut rt~pr~r:etttative scht~w,~ eenn:: flexild~~ service
"-hom,~s. Uui~ iurport:wt dimctiou for fnture reac~arclt iti captnriu;; esplicitly
tlt,~ ~~tfirt, uf .,,rviir eustomir.ation :wd the ac~i~ount reprchcutative fl'xutework
„u routrart muca-al aud utxrket exteusiou. Tltis would permit :t bet.ter uuder-
a;uuliu;; uf tlto tt'a,lt~offs I,~t~cr~~u louger tcrtu bc~ucfitti ccr.nx tltc shurt. rcrw
,~u~ts.
Our r:ru a~xp,~rt tltat cntitowizrttinu would give field tiercit'e firuts rirLer pric-
iu~ ,q,tiuns iu t,~rw~ uf ,liffi~mut quxlity of vervir~ levels. 11't~ cunld prrn-iclc :t
p:u t inl ~nidrliuo lur tlte ,le~ign of a s,~rvice systetn wtder tLe dedicat,~l service
.rhi~rur witIt wtdt iple quxlity ofsi~r~-ice levels. Itt pxrticnlxr. a cotuplete aual,ysis
iu rlti. ~liroi-tiuu shuuld invc~tigxte thc effects of assiguiu;; clir~uts with ,IiNcr-
23r nt .r~r~ irr yn;tlit~ Ir~vr~ls tu uno :turl tltr~ .:uur~ .r~rvirr rr~prr,.r,w:ttivr,. Tlri., al~u
Iniu;;. alutr; tlu, is,no uf rlr~htilrrl sr.hrvluliu;;: a r-Itallc~u;;itt;; t:r.k a-hrn r lirut~
Ir.r~ rliffi,n~ut :uuorurts tin-.crvir~r~. anrl ntav h;tvr~ riiHi~mut nvtnirr~uu~ut~.
('r~ur huliti~. tvr wunlrl likr~ tu uutc, th:u a r.owpatn-'. cutupr~tr,ur-r iu fir,lcl
~on-ir-r vstr~url. brwuttd tltr lifi, r}-r-lr of a tvpical prorLtct. Smoh-. brrtc,r sor-
t iro tu:n~ lir~lrl wurr~ n:tlr~s a, wr~ll as ruorc mveunr~s tix~w aftr~r-tialos :trticitir~s.
Ilunrvr~r. rlodicntr~d fir~ld cu;;iutrrs also allnw for bctter iufortuatiuu uu hu~c
tlrr, trrurlnr.t i. u~orl Irv thr r.naumrr. This. iu tncu. uu~t' hacr .r,vrr:tl ~piu-
rrlf~. I~irst. ~chr~u tlu~ prurlnrt mturus at tltr cud uf ih asrdnl liti~ ut wl~~u tlu~
Ir~:rsr~ r~~pirr,... tltr~ prurlnr-rr will Itavt~ valuablr~ intirrtuatiou ou tltr cunrlitiuu uf
tlro ltrurlnr~t ;rurl hruco nu tlu~ ho~t ror~ovt~rv uptiou. Srtr-nurL clo.o attoutiou tu
n r nwunu~r~s urvvls wav iur-rrasc cu,toux~r Irrvaltv aud allow litr or-ouowir~, uf
:r.ulto tltrun;;lt rn~~.-sr~lliu;;. ThirrL rlodicaUvl field ougitx~i~rs r-au ;tud slwnlrl hr~
a.orl a. cnlu:rlrlo suun-e. tin- ur~w pruduc-t irlr,xti ;tud~ur iutprnvrwr~ttts tn r~~ist-
iti~ prurlnr-t liurw. Iurnrlturatiu;; tLo above idc:t.ti iutu workalrlc worlr,l. is au
iutltrrrr:rut r.ltnllr,u~r tia frtturo rrsrarrlt.
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Appendix A
I~1YN)f llf Illl'(11'r'171:
l~'~, lit:a ruu.idr,r thr~ rlisrumur~rl r:tsr~ of tLr~ probleut. ~cith a rli.ruaut factur
u(u. i.r~:
iuitt liut iufG ~ r-r~r, lr'L,r,l tr'l~ilt„) Tr'~~~ltrrlll-~u-.r' ('-'~) I-:.~
rr:u~r,,.7 ,
`G~ nnilurwizr~ tltc trau.itiou r;vrs .urh tltar:
, -atta~flrttlrz-~rt
:rurl rhuusr~ ,.r - I w'itltottt luss uC ~oucrality.
'I"Irr r-urrczpuwliu;; optim;tlit~. t~quatious m;ul xs tirllows:
1„Lri..r.~l - r(.ri..r.~)rai wiuil~rÍri ~-l..rZl.rfl;,(.rt..r.~-?-I)}
~, ntiu {r ~ l„(.r:t f l..r.~).I;r(.ct..c., -~ il}
tlri ~,rll.r'i - 1)-.~`!) -1r,ln(.ct.l,r'! - 1)`)
wlu~rr (.r)' rlruutc~~ utxx{Il..r}.
Lot f;A(.ri..r ,) rlotwrr~ tltr k a:r;c cxlur~ fnurtiuu. tu procr, that iur'rr:~.tiiu;;
~~citr'hiu;; rurt~c~. r~xist. ~cr uua' dotiuo thr followiu~ rlilCorcuc'o fiutctiuus:
A ,i.rrLr~i..r.~) - l;A(:rt f l..r`t) - 1n (~i.f''t f 1) (:ill)
,A~.~,(.ri.,'.,) - [;A(~'t..r., f 1) - 1;;'(:rrt -~ l..cr) (31)
Clir~ L,ILr~ciup; lowuut iutplies tLo eaisteuce uC iucre:G.iug sw'itr'Itiut; r'ur~.ea Cur
thr rli.runutorl r'usr rt~tie.
Lemma 1 , i.,,l.r't..r',) ix nrnnnlrmirall,y nomlecTteaxíng in .ci for fi:rrd .r.~ anrl
,~.,,(.r~..r.~l i.. vurnntanirnlly nnnrlrcrra8ire,q in xz for fiaed.r:t.
Proof: I".iu;; tltr, Carr thxt 4„ - IimA.~,x l~'. wr~ rtrguc iudacticr~h- h}' ~-:tlur~
itrr:uiuu srtrtiu„ w'itit l;;t(.rt..r-.~) - 0. ~~'e urrxl to tihow that tlu~ rlc~sircvl
~~sIrn~lrr,rtc prup:r~nto. rlu'rnq;h cnlnt, itoratiuu. It tnrun out tltnt tlu~ prop:t;;arinu
rrl' thr~ rlr.irrrl prnporn. at thc~ Iromtdaries nf tlu~ titalc~ sp:trc (i.o. w'Lru .ri
nr .r, r~rfnal. ul iuyrusr. nccr :nlrlitiou:tl t'uuditiuus ou tht, fmu'tiuu F;t'. Tltr
lir.~t :nlrliti~ru:tl r'uuditinu i. tltat I~A(J'~..r'i) IS Ittft'P.4~111}{ I11 .r~ fur fierd J.~ ,tud
inrn~n.iu;, iu .r ~ I'r,r fisorl .ri. TLr, srv~uud rouclition rcvptirc~,apcrtuuclularit.~' uf
A 1 „ 1.1'..
I;~Lri t l..r'.,l t I;A(.r i..r., ~ 1) c l;; (:ri.J~,) f 6;A(J't f l..t~, t 1) (3'2)
li tltis Iruiut. wr, r~:w n~fi~r tu Letumx-l.l of Kuole ( 1J9G) where it i. showu
tlrnt tlu~ rlr~ltnrtttrc~ nltr~r:tturs. lrll~A((.rI - 1)-..r.) and lt~l;A(.rt. (a ~- 1)`). :ts
u'r.ll as t Itr, n~tu nrllorI nrri~'al upc~r:tturti. aI utiu { 1;r (.r i f l..r.~). r f 1;~ (.r i.J~, t 1) }
anrl ,`~ mitt;r ~ I;~Lri -r- L.r~).l;rl.ri..r'., t 1)} Drnp;tR.ur rhr~ ucc~c~sat;~~ prolr
~~nir,.. tiiurr, tltr~ liuo:tr Ituldiu;; rust. fitut'tiou r(J'i.J.~) also proput;ates tltcwc~
lrrultr~t'tir~~. thr~ t'o~uh lirlluws.
I-in:tlh'. tn rutuploto rlu~ proof it is requimd to ,how th:tt tltc tuoua[ouirily'
lrrupt~rt~' auncu iu Lcuuu:t 1 for thc cli,couuted c'aW. c'xrrio, uvc~r thc, avrr:t~r
r rt;I raar r~sltrr~sod iu (2G). Lct ~;Lrt..r.,) (i-1.2) ho thc tutclisconutavl ~rrsiutt
id,A.~~1.ri.J,).
Lemma 2 Jil.ri..r,) is rrrntrotouirall~ nnarlcctr:nsin~! iu .r~ fnr ft'xrd .r, nnd
~-~Lri..r~) i.~ runnulonirull~~ nourlrrtr.rtxinq iw:r., forfi:crd.ci.
Proof: l~'o fira :u';ur tltat tht~ a~'r~ra~e c~ost probluw cau I~e treahxl :t.. tLn litnit.
~~f rli.~r'utnttrvl r':t..c prublcuts ~iucr tltc coudit.ious iu R'ebor :tud Sticlhaw (1J87)
aro ~'c~rifiorL Tlto rolati~'c~ diffi~rc~nt'c fttuctiou for tltc xvnrage cost t':~a~ rau hc~
rsltrrn.r~rl as:
1 (J't..t'2) - 1'nÍa'I.J`l) - In(lLU) (:S.i)
n. tlto rli,ronut rxte n truds to rero. It i~ appareut. tlteu. tltat 6'(.cl.r.z) also
,:rti.fir~ all uf thc r'uuditirtus thxt hx~-e bccu nteutiottcvl iu tlte prouf of Lettuua
I. 'I'hr~mforr, rho tnouotouocitv of JI aud ~12 follow.
~r~Appendix B: Lr~t T deuotr~ tho polir~. that is ohtaiur,l tlu~un;h tltr
La:;r:w~r~:tu Ironristir..rud Ir~t C.';(.rt.r.,.P) ~Ir~uutc~ the (sr.ttiouat.~' ac.tiuu) r.ur-
roalnurliu;; tu a t,t-{u~ i. r~uaowrr arrical mtder poli,.c P a-ith .r, rnztnwor~ ut'
tcllr i iu tl,o sy-stew. tiotr~ tltat. C;(.ei..r.,.T~) - 1 dc.uutrw :t mi.watrh.
B1. Expected Queue Lengths
Tu r~owpnte [he expectf~d qneur leu{;ths ruuler tóe policy 7~. tve apply the
~:rln~~ it~~ratiuu tc~,-hniqu,~ For srtui-Alarkoc proce,.es aud r1r'fiue thl~ operxtor.
Tt~. ;;i.-,~u I,}-:
Trl'A'(.rt..ry) - aa t.r~ t ai(1 - C-t(.ct.~.,.P)))i"t(.ri -~ 1..,..,)
tC'i Lri ..r.,. P11'A (.rt..r., - 1))
~ f-.`~i(1 -C'~i(.!'~..C2.'p))[~l:(J.t f 1..7'~2) (~~)
fl~-i(.rf..f`i.i~)1-A(.,'t.Iif 1))
f~ltl~ A((~'I - 1)T.a~i) ~Idyl~ A( 1~1.(.r~1 - 1)r)
Í~lio r~por-ted total qucne leu;;tl, Li - L~ cau th,~u bc olltaiued Iw u~iu~ tltr
r~,lat iuu:
l~A-t(~a..,-) t(Gt f L,) - TF1-A(.ci..ry) (;Si,)
nu,l I,~ttiug k--t x tt~it.h l~'~~ - 0.
B2. Tail Probabilities
Lct rri(.r~) deuotr. thc proba,ilit}- that the waitiug time oE a clicut :Gtisignal
tu qneul~ j tcill escrv~ci tht~ rcwpouse titue litnit when there are .c~ customet:~
w:titi,tg tu I,o sr~rve,l aud let .~I,f be the twtuber of arrivals per mtit. tiute that.
rzr.l~rd thr, liwit.
3(1Ih~liu~~ Ilu~ ~q~l~r:ulrr "T,
r~l~`Lr~..r!) .`ill -('il.ri..c!."PUlrr~l.ri -r Iltl'tGr, t 1..l-!))
-Ci (.ri..r.!.'Fll ~rv!(.r'.! t 1)1't'(.t'i..c! t 111
-}~!I1 -(',(.ri..r.!. P))(~~'t (-t'i t 1) f 1'A'(.ri t l..t'!))
-( .~(.l'~..!'-i. P)Írr~!Il'-i ~ 1) f 1 A(J't..l'.~ ~i- 1)1)
t!!il A(Gr'I - I)'..r~,) tlt.,l'F(.rl.(.,r? - I)y)
(:ili)
Ilrnrr~. a:u'tiii~ Ilnru 1 Itt) - U. .l,r ,';lu hr ullt;,iur~rl fruw tlu~ n~rln.i~l~ ndatil~u:
1't "'(.ri..,`.1 r-.l~t - Tp1'A(.ri..r,) ( :371
:rml Irttin;; k --~ ~.
1~6,~ l,r„IcJlilit~' !11 r~rrodiu~ tllc ri,dx}' lituit is thou ;;i~'ou b}': .a,~~(ai t,`!)
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